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FIELD OF THE INVENTION 

The invention relates generally to the field of dark reference pixels 
for image sensors assemblies and, more particularly, to such assemblies in which 
each of the dark reference pixels passes its signal to an operational amplifier on 
one clock cycle for producing an average dark reference signal, which 
consequently permits calibration of the image sensor. 

BACKGROUND OF THE INVENTION 

Currently, image sensors include a plurality of dark reference 
pixels adjacent a plurality of active image pixels for providing a reference signal 
for each column of pixels of the active image pixels. This reference signal is used 
for calibrating the signals from the active image pixels as is well known in the art. 

The circuitry for processing the dark reference signals typically 
includes sequentially clocking each signal from the dark reference pixels to an 
integration circuitry. This causes a clock cycle to be needed for each dark 
reference pixel, which produces lengthy processing time. 

Although the currently known and utilized method and apparatus 
for processing dark reference signals are satisfactory, they include drawbacks. 
One such drawback is that sequential processing of the signals is time consuming 
and somewhat inefficient. Another drawback is that integration circuitry is 
needed which enhances cost and the like. 

Therefore, a need exists for a method and apparatus for efficiently 
processing dark reference signals in a cost effective manner. 

SUMMARY OF THE INVENTION 

The present invention is directed to overcoming one or more of the 
) problems set forth above. Briefly summarized, according to one aspect of the 
present invention, the invention resides in an image sensor assembly composing 
(a) a plurality of active pixels that receives incident light that is converted into a 
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charge; (b) a p.urality of sample and hold circuits; (e) a ptatfty of dark reference 
pixels each of which is responsive ,o Ugh. and each of which is shielded from 
m wherein signals from each of .he dark reference pixels is transferred .„ one 
oHhe sample and ho.d circuit and (d) an opera.io„a, amplifier ma. rece,ves a 

5 signal from each of .he samp.e and hold circuits on one Cock cyc.e, wherem the 
operation^ ampHfier averages me signals from .he sample and hold circm, for 
providing an approximate average dark reference pixe! srgnal 

These and other aspects, objects, features and advantages of the 
present invention will be more dearly understood and appreciated from a revew 

10 of the foUowmg detailed description of thepreferred embodiments and appended 
claims, and by reference to the accompanying drawmgs. 

. ■...-..^.nus Effecj 21 The Invention 

The presen. invention has the advantage of processtng all of the 
15 dark reference signals on one Cock cyde and elunination of integration circutiry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 isaschematic drawing of an image sensor assembly of .he 



present invention; . 

20 Fig. 2 is a de.ai.ed view of a sample and hold circm. of. he, mage 

sensor assembly of Fig. 1; 

Fig. 3 is an exploded view of the differential operational amplifier 

illustrating its connections; and 

Fig. 4 is a perspective view of a camera for illustrating a typical 

25 commercial embodiment for the image sensor of Fig. 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1, a preferred embodiment includes an image 

30 an array of rows and columns. The upper portion includes a plurality of p.xels that 
capture incident light used for capturing an electronic representation of the image, 
and the lower portion of the pixel array (typically the last three rows of pixels) 
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,„c,udes a plurality of da* reference pixels 20 used for calibrating the .mage 
el 10. As is we„ known in *. ar, and as nsed herein, da* reference p.xels 20 

a u To read out the signals from the pixels, a 
and will not be discussed herein. To read out me p cnr10m 

plura ,i, y of sample and hoid circuits 30 are connected to the unage sensor Out 

oixels Each sampie and hold circuit 30 receives the ptxe. srgnals from p xel row 
h i Lh row of signals is reeerved hy the sample and hold circnrts 30 a, 
rlaX.heaamenn.eor.inotherwr.rds.ononee^eyeleAsisa^t 

rlses.Ldinlheart.n.edar.refere.ceptxe^Owdlhe — ftrs, 

since <hey are physically adjacent to the sample and hold crouds 30^ 

Inr ead,ngou t ,heda*refereneepixe,s20,aswi,ch40,wh,ch.s 

a tt ached to each samp,e and ho,d circuit 30, is closed for permitting the sign, 
currently in the sample and hold circuit 30 to be passed to the buses 50. After .h 
Z2« are dosed, the samp.e and ho,d circuits 30 are clocked a, subs.an.taUy 

to th e buses 50 substantia,* simuhaneonsly. As will be descrrbed ,a er m deta, 
1 sample and ho,d circuits 30 produce four outputs for the one mpu, srgnal. The 
ToZ on each bus 50 are men passed to a differentia, optional amph er 0. 
„ The mfferentia, operation. ampUfier 60 men proouces the averagr , voUa « 
substantiaHy the average vohage, of the signals — ed horn the .ample ,^ 
hoid arenas 30. This ca.cu.a.ed average is used as me average for ft ™ of da* 
reference pixels 20. This process is repeated for passing each row of da* 
^rence pixeis 20 ,o me differentia, operational amphner 60 for creatmg ,s 

for ,ha, respective row. U is instructive to note mat, although sample and 

be used for producing the same result, as those sko.ed in me ar, w,U readt.y 

re0O8niZe ' ,„ reading out the pixels used for capturing the image, the pixels 
30 pass their stgna, to the sample and ho.d circuit 30 serptentiany so .hat their acuta, 
les are pled .o me operation, amphfier 60, as is wen known m .he art. 
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Refemng to Fig. 2, there is shown a detailed view of a typical- 
sample and ho,d eirenit 30. The sample and hold circuit 30 receives an tnpu. 
ZL as diseussed hereinabove, and the switehes S, and S3 are closed or 
charing the firs, eapaciror Cr, and then switches S2 and S4 are e.osed for 
rig the seeond capacitor Cs. Then, switches 8., 82. S3 and S4 are opened. 
" tche, 85. So, S7 and SS are closed for passing rhe charge fro. ,he Iherr 

Refernng to Figs. 2 and 3, noae 
(shown in Fig. 1) to the Vout (negative), and node B is connected through the bus 
0 a Vin ( osdive, inpu, of .he opera,iona, anrpliner 60. Node C , a eonu cted 
thr0 ugh dre bus 50 ,o Vin (negative, inpu, of the operational anrplt ,r 60 and 
node D is creeled through a bus 50 to ,he Vou, (positive). For ctarty of 
un ders,a„d,ng,hecapac 1 ,orsinF ig .3hav 1 ng t he„o,a t ,on N .Crand,.C 

represents the number of N capacitors Cr and Cs of F.g. 2 connected m parallel, 
where N is the actual number of sample and hold ctrcuus. 

Referring to Fig. 4, there is shown a digital camera 70 for 
muring a commercial embodiment for the ,mage sensor .0 to which an 
ordinary consumer is accustomed to seeing and purchasing. 

The invention has been described with reference to a preferred 
embodiment. However, it win be appreciated that a person of ordinary «n in the 
art can effect vanations and modiflcadons without departing from «he scope of rhe 
invention. 
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PARTS LIST 

10 image sensor 

20 dark reference pixels 

30 sample and hold circuits 

40 switches 

50 buses 

60 differential operational amplifier 
70 digital camera 



